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Kaposi’s sarcoma is a multifocal lesion that is reported to be greatly influenced by cytokines such as
interleukin-6 (IL-6) and oncostatin M. DNA sequences of a novel human gammaherpesvirus, termed human
herpesvirus 8 (HHV-8) or Kaposi sarcoma-associated herpesvirus, have been identified in all epidemiological
forms of Kaposi’s sarcoma with high frequency. The presence of HHV-8 DNA is also clearly associated with
certain B-cell lymphomas (body cavity-based lymphomas) and multicentric Castleman’s disease. Sequence
analysis of a 17-kb fragment revealed that adjacent to a block of conserved herpesvirus genes (major DNA-
binding protein, glycoprotein B, and DNA polymerase), the genome of HHV-8 encodes structural homolog of
IL-6. This cytokine is involved not only in the pathogenesis of Kaposi’s sarcoma but also in certain B-cell
lymphomas and multicentric Castleman’s disease. The viral counterpart of IL-6 (vIL-6) has conserved impor-
tant features such as cysteine residues involved in disulfide bridging or an amino-terminal signal peptide. Most
notably, the region known to be involved in receptor binding is highly conserved in vIL-6. This conservation of
essential features and the remarkable overlap between diseases associated with HHV-8 and diseases associated
with IL-6 disregulation clearly suggest that vIL-6 is involved in HHV-8 pathogenesis.

Kaposi’s sarcoma (KS), a multifocal proliferative lesion of
uncertain pathogenesis, is highly prevalent among homosexual
AIDS patients. The originally described form (classical KS)
occurs sporadically in some populations in eastern and south-
ern Europe. KS is frequently found in central Africa, where the
tumor occurs in young patients. The particular epidemiology
among AIDS patients had suggested that an infectious agent
other than human immunodeficiency virus is involved in KS
pathogenesis. Studies with biopsy materials and cultured cells
have indicated an important role for growth factors and cellu-
lar cytokines, such as basic fibroblast growth factor (35), inter-
leukin-1b (IL-1b) (22), IL-6 (6, 19, 23, 25, 26, 33, 38), and
oncostatin M (5, 7, 29, 32), for the proliferation of spindle cells
in KS (24). Chang and colleagues (8) stirred considerable in-
terest when they detected DNA sequences of a novel herpes-
virus in KS tissues of AIDS patients. Meanwhile, DNA of this
virus was consistently found in all epidemiological forms of KS
(9, 11, 12, 18, 27, 31). The new virus, termed human herpes-
virus 8 (HHV-8), shows marked sequence homology to her-
pesvirus saimiri, the prototype of gamma-2 herpesvirus; thus,
HHV-8 appears to be the first human member of the gamma-2
herpesviruses (genus Rhadinovirus). Sequencing of a HHV-8
DNA fragment with a size of 20.7 kb indicated a genome
organization that is collinear to herpesvirus saimiri, at least
within an area of 17 open reading frames (ORFs) (28), which
has been confirmed by sequence analysis of a further 50 kb
(29a). Rhadinovirus genomes consist of a unique L-DNA that
codes for 72 proteins (herpesvirus ateles) (1a) to 85 proteins
(alcelaphine herpesvirus 1) (14a). The L-DNA is flanked by
multirepetitive DNA that is high in GC content (H-DNA).
Most strikingly, rhadinovirus genomes contain a surprisingly
high number of genes that have apparently been acquired from

the host cell. They include the genes coding for enzymes in-
volved in the nucleotide metabolism (thymidilate synthetase
[17] and dihydrofolate reductase [DHFR] [36]) and comple-
ment-controlling proteins (CCPH [1] and CD59 [3]) and genes
that could be involved in proliferation control, such as those
encoding cyclins (20), the cytokine IL-17, and the IL-8 receptor
(2). In the course of structural studies of the HHV-8 genome,
we have now found a gene that encodes a structural equivalent
of IL-6, providing the first known example of an IL-6-type gene
in a viral genome.
DNA was extracted from a KS biopsy specimen, partially

digested with the restriction endonuclease Sau3A (0.2 U/mg of
DNA for 2 min), and enzymatically ligated with BamHI-di-
gested arms of the bacteriophage lambda DASHII (Strat-
agene, Inc., La Jolla, Calif.). Initially, this genomic library from
KS tissue was screened with probes constructed according to
the HHV-8 sequence information published by Chang and
colleagues (8). HHV-8-positive lambda clones isolated by this
method were sequenced using a shotgun approach (34), and
terminal fragments were used as probes for further screening
of the genomic library from KS tissue. Using the BLAST al-
gorithm for amino acid comparisons (4), we found an ORF
with significant homology to IL-6 (Fig. 1). The ORF for the
viral homolog to IL-6 (vIL-6) has the coding capacity for a
polypeptide of 204 amino acids (Fig. 2). It is located adjacent
to a region with collinearity to the glycoprotein B/DNA poly-
merase block of herpesvirus saimiri. The reading frame to the
left of vIL-6 is homologous to ORF11 of herpesvirus saimiri.
Although vIL-6 is the positional analog of herpesvirus saimiri
ORF12, these two genes are not homologous on the DNA or
protein level. The HHV-8 reading frame to the left of vIL-6
encodes a gene with extensive homology to mammalian DHFR
genes (29a), a gene that is also present in herpesvirus saimiri
(Fig. 1). Interestingly, the DHFR gene of herpesvirus saimiri
has a different genomic position: it is located close to the left
end of the genome (ORF2). ORF13 of herpesvirus saimiri,
which would be the positional analog of HHV-8 DHFR, en-
codes an unrelated protein with homology to IL-17. vIL-6 is
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24.74% identical to human IL-6 (similarity, 49.73%), 24.23%
identical to murine IL-6 (similarity, 47.94%), 25.97% identical
to porcine IL-6 (similarity, 52.91%), and 24.60% identical to
bovine IL-6 (similarity, 49.73%) in amino acid sequence align-
ments calculated for the complete vIL-6 protein with the pro-
gram GAP (Genetics Computer Group, Madison, Wis.). Most
notably, in the viral gene product all four cysteine residues that
are known to be involved in disulfide bridging are conserved,
and the gene product shows a characteristic signal peptide of
22 amino acids (Fig. 2). The amino acid sequence homology of
vIL-6 to the human IL-6 precursor is especially pronounced
between amino acids 98 and 123 of the human sequence (Fig.
2 and 3). This area is known to be involved in binding to the
IL-6 receptor (13, 14, 37). The domains required for IL-6
signal transduction are not well established. Based on the se-
quence similarity, binding of vIL-6 to the IL-6 receptor appears
to be likely. However, it is also possible that by binding to the
receptor, vIL-6 blocks signal transduction or alters receptor
turnover. It may also not act on all the cell types that respond
to cellular IL-6.
In general, genes sequestered from their host cell by her-

pesviruses have been shown to be functional. For example,
ORF13 of herpesvirus saimiri encodes a homolog of IL-17
(vIL-17) that, like its cellular counterpart, stimulates the se-
cretion of IL-6, IL-8, granulocyte colony-stimulating factor,
and prostaglandin E2 (15). A homolog of IL-17 has not been
identified in HHV-8 so far. HHV-8 encodes vIL-6 instead at a
genomic position which is similar to the position of ORF13 in
herpesvirus saimiri. Thus, vIL-6, which is structurally unrelated
to IL-17, could provide some of the functions of vIL-17. This
possibility supports, in addition, the notion that vIL-6 is a
functional cytokine.
The pathogenesis of KS is still an enigma. It is generally

accepted that dysregulated cytokine production is an impor-
tant factor for the development of KS. It is also generally
accepted that an infectious agent other than human immuno-
deficiency virus is responsible for the high prevalence of KS
among certain groups of AIDS patients. There is still consid-

erable controversy about the cytokine(s) most important for
continuous growth of cultured KS spindle cells. Oncostatin M
and IL-6 have been suspected to be involved in KS pathogen-
esis by several groups of investigators. Both proteins belong to
the same family of cytokines, and in part, they share receptor
and signaling pathways. Although some groups have reported
that cultured KS cells respond to human recombinant IL-6
with increased growth, this has not been confirmed by others.
A possible role of IL-6 for KS pathogenesis is supported by the
finding that KS spindle cells express the high-affinity IL-6 re-
ceptor in vivo (26). The hypothesis that HHV-8 may be the

FIG. 1. Genomic position of glycoprotein B/DNA polymerase block of HHV-8 relative to the herpesvirus saimiri genome. The top part is a schematic drawing of
the herpesvirus saimiri genome, with vertical bars representing areas of repetitive sequence. The glycoprotein B (gB)/DNA polymerase (pol) gene block is drawn below
on a larger scale. ORFs and their orientations are indicated by large arrows. Genes for which homologs could be identified in HHV-8 and herpesvirus saimiri (HVS)
are shaded, and genes without known homologs are symbolized by open arrowheads. The ORF for vIL-6 is shown as a closed arrowhead. This area contains four genes
that are found in all herpesviruses sequenced so far: the major DNA-binding protein (mdbp), a putative transport/capsid assembly protein (tp), glycoprotein B, and
the DNA polymerase. The ORFs labeled 10 and 11 also share homology with their counterparts in herpesvirus saimiri. vIL-6 is located immediately adjacent to genes
10 and 11 and is the first ORF within a divergent area of the HHV-8 genome. On the right of vIL-6 are reading frames with homology to DHFR, the bovine herpesvirus
4 immediate-early gene 1 (BHV-4 IE1), and thymidylate synthetase (TS) (29a). There is no homology to bovine herpesvirus 4 immediate-early gene 1 in herpesvirus
saimiri. Reading frames encoding homologs of DHFR and thymidylate synthase are present in the herpesvirus saimiri genome, although at different genomic positions
(ORF2, DHFR; ORF70, thymidylate synthase) (3).

FIG. 2. Sequence alignment of predicted precursor of HHV-8 vIL-6 gene
with those of human and mouse IL-6. Amino acids identical in all three proteins
are indicated by asterisks, and cysteine residues involved in disulfide bridging are
marked with carets. Uppercase letters symbolize amino acids conserved accord-
ing to the criteria defined by Dayhoff et al. (10). The first 28 amino acids of
human and murine IL-6 are known to comprise a signal peptide which is cleaved
posttranslationally. A signal peptide of 22 amino acids is predicted for vIL-6 by
the program Signalp (30). Boldface letters indicate the region (amino acids 98 to
126 of the human IL-6-precursor) that is known to be involved in receptor
binding. Amino acid identity of human IL-6 to the corresponding region of vIL-6
is 53%.
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missing infectious agent was initially based on the detection of
viral DNA only. HHV-8 DNA has been found in all epidemi-
ological forms of KS in nearly 100% of cases, whereas DNA of
this novel virus is infrequently seen in other tissue specimens
and non-KS patients (9, 12, 18, 27). This finding is now sup-
ported for the first time by serological studies which show that
HHV-8 occurs less frequently than most other human herpes-
viruses in the general population. However, the seroprevalence
is high in groups at risk for the development of KS (16, 21).
Detection of an IL-6 homolog in HHV-8 is highly suggestive
that the respective viral gene product plays a functional role in
the proliferation of typical KS cells. Two other disease condi-
tions, Castleman’s disease and body cavity-based lymphomas,
have been found to be associated with the presence of HHV-8
DNA. A rare form of B-cell lymphoma in AIDS patients, body
cavity-based lymphoma, invariably carries HHV-8 genomes in
a latent state. Multicentric Castleman’s disease is a chronic
disease with benign hyperplastic lymphadenopathy. It is char-
acterized by large lymph follicles with intervening plasma cells.
The patients show marked hypergammaglobulinemia, and the
B cells in such hyperplastic lymph nodes were found to pro-
duce large amounts of IL-6 by functional assays. Interestingly,
in some patients, Castleman’s disease may progress to multiple
myeloma. Clinical improvement was associated with a decrease
in serum IL-6 levels. Further studies are required to show
whether functional assays are able to discriminate between
cellular IL-6 and vIL-6. Based on DNA diagnostics, HHV-8
appears to be linked to three proliferative diseases, KS, body
cavity-based B-cell lymphoma, and multicentric Castleman’s
disease, and a pathological role has been proposed for IL-6 in
these diseases in the past, prior to the discovery of HHV-8.
The identification of an IL-6 gene in HHV-8 thus supports the
assumption that HHV-8 has a pathological role in these dis-
eases and provides the basis for further investigation of its role
in stimulating abnormal cellular proliferation.
Nucleotide sequence accession number. The vIL-6 sequence

was submitted to GenBank and received accession number
U73655.
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